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the effect of the free aldehyde group. The Soret band of the oxime of the copper complex, in addition to being shifted to shorter wavelengths, is much more intense than that of the copperporphyrin a itself. The similarity of the absorption spectra of copper-porphyrin a and pyridine-haemochrome a, and their difference from the usual two-banded systems of most covalent metal-porphyrin derivatives, leads us to consider cytochrome a and cytochrome oxidase. It appears to be widely accepted that these components possess the same or closely related prosthetic groups, and Lemberg (1953) has produced good evidence that haemin a is in fact the prosthetic group common to both moieties. In general, the two-banded type of spectrum is found when the metal bonds are covalent, e.g. in oxyhaemoglobin. The ionic complexes, such as reduced haemoglobin, usually show a more diffuse absorption spectrum. Reduced cytochrome a has a visible absorption band at a wavelength (605 m,.) longer than that of copper-porphyrin a and pyridine-haemochrome a (598 and 587 mz. respectively). The absence of a strong ,-band is common to all three pigments, and is attributable to the presence of a free aldehyde group, as conversion into the oxime results in a stronger ,-band. The apoprotein of the cytochrome must be responsible for the significant difference between the position of the absorption bands of cytochrome a and pyridinehaemochrome a. SUMMARY 1. Two different methods of preparation have yielded porphyrin a with identical characteristics.
2. The quantitative absorption spectra of porphyrin a in chloroformn, acetic acid, pyridine and dioxan are given and discussed.
3. The spectral changes brought about by the formation of both oxime and copper derivatives of porphyrin a have been measured.
One of us (I. T. 0.) was assisted by a minor scholarship of the University of Melbourne. The Australian National Hlealth and Medical Research Council made a grant towards expenses. This work was carried out in part fulfilment of requirements for the degree of M.Sc. (Oliver, 1952) in the University of Melbourne. The aim of the present work has been to ascertain whether ultraffitration through cellophan can usefully be employed as a stage in the purification of the parathyroid hormone. This possibility was suggested by the dialysis experiments of Davies & Gordon (1953) , who showed that material able to stimulate the excretion of phosphate in the urine of rats could pass through such membranes. Before such a technique can be applied some means must be employed to extract the hormone firom the glands.
Since Ellingson, Bell & Hanson (1924) and Collip (1925) Chow, G(reep & Rothen (1942) , who showed that the oxytocic and antidiuretic hormones of the posterior pituitary are associated more or less firmly with one another in the juice expressible from the gland.
ULTRAFILTRATION OF THE PARATHYROID HORMONE The vigorous extraction with hot HCI which has been used so unvaryingly since its introduction by Ellingsonetal. (1924) and Colip (1925) has the great advantage that it most certainly inactivates proteolytic enzymes which might otherwise destroy the hornone. The sensitivity of parathyroid hormone to pepsin has been clearly demonstrated by Ross & Wood (1942) . Thus, so long as the aim of the work is to obtain the smallest molecule still retaining hormonal activity, the HCI extraction procedure might be acceptable were it not for certain recent findings suggesting that parathyroid hormone, at least as prepared by HC1 extraction, is liable to form complexes with other protein molecules. Thus Handler, Cohn & Dratz (1954) found that proteins of very different properties eluted from an ion-exchange chromatogram were all active as the hormone.
Unfortunately, the earlier attempts to extract parathyroid glands with reagents milder than hot dilute HCI have been uniformly unsuccessful (Hjort, Robison & Tendick, 1925) . More recently, the only attempt to avoid the use of HCI had been that mentioned above by Davies & Gordon (1953) , who obtained active solutions by extraction of acetone powders of the gland with 80 % acetic acid.
Even this extraction was done at 75'. For these reasons, and because glacial acetic acid has been used successfully by Payne, Raben & Astwood (1950) for extraction of corticotropin from the pituitary, it was decided to use 80 % acetic acid for the present experiments.
Because it had been noticed that these extracts are rather unstable, it was decided to carry through a preliminary precipitation with acetone before going on to the ultrafiltration stage. By this means all the material insoluble in acetone-acetic acid-water (70:24:6 by vol.) was rejected. Some additional purification was also obtained by dialysis against water. This was followed by reacidification to approx. 2N with respect to acetic acid and ultrafiltration. The conditions used were rather similar to those described by Cortis-Jones, Crooke, Henly, Morris & Morris (1950) , who found that corticotropin could pass through a cellophan membrane to a maximum extent at pH 2. EXPERIMENTAL Materials. Ox parathyroid glands were collected on solid CO2 at the time of slaughter and kept at -5°until used.
Acetic acid and acetone were both redistilled before use.
Biological testing. The mouse urine-phosphate assay method for parathyroid hormone of Davies, Gordon & Mussett (1955) Preparation of 'acetone powder'. Acetone powder was made from the glands as described by L'Heureux, Tepper. man & Wilhelmi (1947) , except that only a single mincing was done. This was carried out with the fine plate (2-0 mm. holes) on the glands as soon as they had warmed up sufficiently to be separable from the frozen mass. As soon as it emerged from the mincer the mince was refrozen by mixing with solid C00. A portion (820 g.) of glands thus treated yielded 158 g. of acetone powder. This was kept at -5°and worked up as described below. Preparations I, II and III were all made from this same acetone powder.
Extraction of acetone powder with acetic acid. Preparation I: 40 g. of acetone powder were suspended in 600 ml. of 80% (v/v) Repeat preparations. Preparations II and III were made just as described above for preparation I, except that preparation III was made from 27 g. of the acetone powder. In addition, after the first ultrafiltration the residue of preparation III (vol. 20 ml.) which had been retained by the membrane was diluted with acetic acid so that its volume and acetic acid content (approx. 2N) were the same as before the ultrafiltration procedure. Ultrafiltration was then repeated in the same manner and ultrafiltrate (2) (see Table 1 ) was thus obtained.
Investigation of solutions obtained by ultrafiltration
Activity of I'P in respect to plasma-calcium level of rats.
In the test carried out as referred to above, the average increase for the 2 days in plasma calcium was 1-7 mg./ 100 ml., whereas the corresponding figure due to 50 U.S.P. units of Parathormone was 1-0 mg./100 ml. If the plasma initial levels are taken into account (Davies et al. 1954 Ultracentrifuqge results. The material 1UF, which passed through the membrane in preparation I, and that, IR, which was found inside the sac, were separately dissolved in 0.1 M-NaCl, 0-05N acetic acid and examined in the Spinco analytical ultracentrifuge Model E. As is apparent from Fig. 1 , only a single boundary was observed in each case. The details of the conditions under which these investigations were carried out are given in Table 4 Table 4 for further details. Table 5 for further details). Vol. 6I 649 accumulated on the molecular size of the hormone. Thus material prepared by Ross & Wood (1942) showed two components in the ultracentrifuge, the smaller having S20 = 1-6. Also an active solution made by L' Heureux et al. (1947) by acetone precipitation, when subjected to 65 400 g for an hour, did not show any sedimenting component. The present extracts, which were obtained from an acetone powder of the gland by means of 80% acetic acid, have proved to consist mainly of molecules of about the size of the smaller component reported by Ross & Wood (1942) , together with some yet smaller, capable of passing through cellophan. Such ultrafiltrates have been found to be active both in respect to plasma-calciumraising ability and stimulation of urine-phosphate excretion. By the phosphate assay, this material has been shown to be 4-5 times as active on a dryweight basis as the solution before ultrafiltration and to represent about half of the total activity previously present. Examination at pH 2x9 in the ultracentrifuge revealed only a single very slowly sedimenting boundary (S20 = 1 0). On electrophoresis, however, at the same pH three separate components were apparent. In view of this complexity no measurements of diffusion constant or partial specific volume have yet been made. It may be of interest, however, to note that S20 = 1 0 corresponds to a molecular weight of approximately 6000 for molecules of D20= 13-6 and V = 0 709, the values obtained by Rothen (1940) for ribonuclease. This size of molecule is quite small enough to have passed through Visking cellophan membrane under these conditions [cf. CortisJones et al. (1950) and Tallan & Stein (1953) ], who reported that lysozyme (mol.wt. 14 000-17 000) is able to diffuse through Visking cellophan membrane. Most probably, however, the diffusion constant of this material which has a sedimentation constant so much below that of ribonuclease (S2o= 1-85) is well above 13 6, in which case the molecular weight can be expected to be below 5000.
Since on ultrafiltration about half of the activity always failed to pass through the-membrane, the question arises as to whether the hormonal activity is associated with only one or with more than one of the smaller molar species or, on the other hand, whether it is also a property of the larger molecules with sedimentation constant S20 = 1-45. That this latter hypothesis may be true is suggested by the results with preparation III, in which the solution retained by the membrane during the ultrafiltration was rediluted with 2N acetic acid and then subjected to a second ultrafiltration procedure. Only a further 520 units of activity were thus obtained. In addition, this result suggests that if the molecules (S20 = 1.45) are really aggregates of small active molecules with rather larger inactive molecules then they are not freely dissociable on dilution with 2N acetic acid.
It is of some interest that the present most active material has an activity of just over 40 units/mg. in the mouse urine-phosphate assay. This is very close to the figure of 44 units/mg. found by A. H. Gordon (unpublished) for material purified by electrophoresis in 0 1 M calcium acetate buffer at pH 5-8. In addition, the activity of Iu' in respect to the plasma-calcium level of rats has been roughly assessed. Assuming it to be some 20 units/ mg. (see p. 648 for the assumptions involved) we have a urine-phosphate/plasma-calcium activity ratio of about 2. Since this ratio was determined only once and the calcium activity measured only approximately, this result taken by itself is not important; however, it acquires interest when compared with the findings of Davies et al. (1955) , who obtained a urine-phosphate/plasma-calcium activity ratio of 2-6 for a preparation made according to L'Heureux et al. (1947) , and of Kenny, Vine & Munson (1954) , who report a ratio of 3 6 for a 'crude hot acid extract ofbovine glands'.
Apparently, preparations of the hormone in which the ratio of urine-phosphate to plasmacalcium activity is higher than that characteristic for Parathormone can easily be obtained by a number of different methods.
The electrophoretic heterogeneity of the present ultrafiltrates prevents any decision as to whether both the biological effects of the hormone are due to a single molecular species. The very low isoelectric point of one of the components present (below pH 3) should, however, facilitate separation. Meanwhile, it is of interest that these ultrafiltrates contain only molecules considerably smaller than any previously shown to carry the hormonal activities. It thus appears that the chemical structures necessary for parathyroid activity form part of a molecule or molecules of about the same size as that of corticotropin. SUMMARY 1. A method for extraction of hormone from acetone powders of the parathyroid gland by the use of acetic acid is described.
2. The extracts thus obtained have been fractionated by precipitation with acetone and then subjected to ultrafiltration through cellophan.
3. Assays based on the ability of the ultrafiltrate to stimulate the excretion of urinary phosphate in mice show that a four-to five-fold purification is achieved in the ultrafiltration step.
4. Preliminary ultracentrifugal and electrophoretic examination of this material has shown it to consist of more than one molecular species. We wish to thank Sir Charles Harington, F.R.S., for his continued interest in this work, which was initiated at his suggestion.
Sincere thanks are also due to Miss M. V. Mussett, who has carried out the statistical analyses.
(Received 28 March 1955)
Although British Anti-Lewisite (BAL) has been used, since its discovery, for the treatment of cases of poisoning by heavy metals (Stocken & Thompson, 1949) , and more recently as a chemotherapeutic reagent in neurological disorders (Cumings, 1951; Streifler & Feldman, 1953) , little is known of its metabolism in the mammal. Stocken & Thompson (1946) reported that the urine of rats and rabbits which had been given BAL by injection showed a strong nitroprusside reaction and an increased iodine uptake during the first few hours after administration, indicating the possible presence of a thiol. Evidence was adduced by Spray, Stocken & Thompson (1947) to show that in rabbits injected with BAL a dithiol compound was excreted which was very similar to BAL but not identical with it. Simpson & Young (1950) were also unable to detect the presence of BAL in the urine of rats treated with BAL. In further experiments, -Spray (1947) concluded that BAL is not conjugated with sulphuric acid and he obtained indirect evidence that BAL might be excreted in conjugation with glucuronic acid.
Studies with 35S-labelled BAL have shown that, in rats, most of the 35S is excreted in the neutral sulphur fraction of the urine (Peters et al. 1947; Simpson & Young, 1950) . Similar results were obtained in the present work, which showed further that the greatest excretion occurred during the first 6 hr. after administration of the BAL. Because the sulphur of the BAL appeared to be excreted in an organically bound form, it was felt that an investigation of this sulphur-containing material would provide information concerning the manner in which BAL is metabolized. It was first necessary to determine whether one or more compounds derived from BAL were excreted and this was done mainly by paper chromatography. A system was developed for the detection of BAL on paper chromatograms and this was applied to the urines of rats which had been injected with radioactive BAL. The chromatograms were scanned for radioactive areas. It appeared that at least two radioactive materials were excreted; although these have not yet been identified, it appeared that one of the compounds is the chief excretory product of BAL. The second compound behaved like inorganic sulphate. A third material, detected in acidified urine, appeared to be a derived product resulting from the action of acid on other radioactive substances in the urine. Free BAL was not detected. METHODS Determination of radioactivity. To determine the radioactivity in the total sulphur of urine or other materials containing organically bound sulphur, the material was oxidized in a Carius bomb (cf. Young, Edson & McCarter, 1949 
